Background: Production of crystal glass and colored art glassware have been going on in the south-eastern part of Sweden since the 1700s, at over 100 glassworks and smaller glass blowing facilities, resulting in environmental contamination with mainly arsenic (As), cadmium (Cd), lead (Pb) and polycyclic hydrocarbons (PAH). High levels of metals have been found in soil, and moderately elevated levels in vegetables, mushrooms and berries collected around the glassworks sites compared with reference areas. Food in general, is the major exposure source to metals, such as Cd and Pb, and PAHs. Exposure to these toxic metals and PAH has been associated with a variety of adverse health effects in humans including cancer. Objective: The aim of the present study was to evaluate the occurrence of cancer in a cohort from the contaminated glasswork area in relation to long-term dietary intake of locally produced foods, while taking into account residential, occupational and life styles factors. Methods: The study population was extracted from a population cohort of 34,266 individuals who, at some time between the years 1979-2004, lived within a 2 km radius of a glassworks or glass landfill. Register information on cancer incidence and questionnaire information on consumption of local foods (reflecting 30 years general eating habits), life-time residence in the area, life style factors and occupational exposure was collected. Furthermore, blood (n = 660) and urine (n = 400) samples were collected in a subsample of the population to explore associations between local food consumption frequencies, biomarker concentrations in blood (Cd, Pb, As) and urine (PAH metabolite 1-OHPy) as well as environmental and lifestyle factors. The concurrent exposure to persistent organic pollutants (POPs) from food was also considered. A case-control study was performed for evaluation of associations between intakes of local food and risk of cancer. Results: Despite high environmental levels of Cd, Pb and As at glasswork sites and landfills, current metal exposure in the population living in the surrounding areas was similar or only moderately higher in our study population compared to the general population. Reported high consumption of certain local foods was associated with higher Cd and Pb, but not As, concentrations in blood, and 1-OHPy in urine. An increased risk of cancer was associated with smoking, family history of cancer, obesity, and residence in glasswork area before age 5 years. Also, a long-term high consumption of local foods (reflecting 30 years general eating habits), i.e. fish and meat (game, chicken, lamb), was associated with increased risk of various cancer forms. Conclusions: The associations between consumption of local food and different types of cancer may reflect a higher contaminant exposure in the past, and thus, if consumption of local food contributes to the risk of acquiring cancer, that contribution is probably lower today than before. Furthermore, it cannot be ruled out that other contaminants in the food contribute to the increased cancer risks observed.
Introduction
Public health issues related to soil contamination are receiving increasing attention, where a complex interplay between different potential exposure pathways contributes to the total exposure. According to the European Environment Agency, there are about 2.5 million potentially contaminated sites within the EU member states (Van Liedekerke et al., 2014) .
One example of industrial activity where the local soil environment has become severely contaminated is the historical production of glass in south-eastern Sweden. Artistic and crystal glass have been manufactured here since the 1700s, at over 100 glassworks and smaller glass blowing facilities (Nordström, 1999) , resulting in environmental contamination with mainly arsenic (As), cadmium (Cd) and lead (Pb), but also with polycyclic aromatic hydrocarbons (PAHs) which are emitted from the glasswork furnaces (Höglund et al., 2007; SEPA, 2009 ). Many of these contaminated sites have been classified to be of high risk to humans and the environment (SEPA, 2009 ).
Exposure to toxic metals and PAHs has been associated with a variety of adverse health effects in humans, including cancer Alicandro et al., 2016; Arisawa et al., 2001; Calderon et al., 2003; Dreij et al., 2005; Hellstrom et al., 2007; IARC, 2010; Julin et al., 2012; Lagerqvist et al., 2011; Steenland and Boffetta, 2000; Thomas et al., 2014) . The International Agency for Research on Cancer has found evidence from a number of published papers that occupational exposure from glass manufacturing increases the risk of cancer (IARC, 1993) . Also residence near glass manufacturing sites has been associated with increased risk of cancer (Nyqvist et al., 2017; Wingren and Axelson, 1992) . In a former study from the Swedish glassworks region an increased risk of brain cancer mortality was found among people living in parishes with glassworks as compared to the Swedish population in general (Wingren and Axelson, 1992) . In a recent register study within the same area, significantly elevated cancer incidences were observed for total malignant cancers, cancers in the digestive system, and for cancer in the prostate, lymphatic and hematopoietic system (Nyqvist et al., 2017) .
In the general population, diet is usually the major exposure route for most metals, even though ingestion and inhalation of soil/dust can be relevant contributors around areas with elevated metal concentrations in the soil (Cao et al., 2016; EFSA, 2009a; EFSA, 2010; Glorennec et al., 2016; Parveen et al., 2018) . In this context, it has been shown that there is a positive correlation between soil metal concentration and metal concentration in homegrown vegetables from glassworks villages, and that consumption of these vegetables may result in elevated exposure levels (Augustsson et al., 2018; Augustsson et al., 2015; Uddh-Soderberg et al., 2015) . The major exposure routes for PAHs are food and smoking (EFSA, 2008) . Food can be contaminated from environmental sources, and from certain home cooking practices, e.g. barbecue (EFSA, 2008) .
The diffuse and widespread contamination in the area may significantly affect the contaminant exposure for local residents through the ingestion of local foodstuff. Most residents in the glassworks villages live in private houses and a survey that was carried out in the region in 2012 revealed that many residents cultivate their own vegetables (Filipsson et al., 2013) . The Swedish glassworks region is also a forested area, where wild berries and mushrooms are picked and consumed. In addition, groundwater sample measurements at the glassworks site indicated elevated mean concentrations of As and Pb at most glassworks (Höglund et al., 2007; Nyqvist et al., 2017) . It can thus be hypothesized that consumption of local food may contribute to elevated body burden of metals and PAHs and the increased cancer incidences observed in these historically contaminated areas.
Humans are also exposed to persistent organic pollutants (POPs), mainly from fatty food (Darnerud et al., 2006) . Since these pollutants have been associated with a range of health effects, including cancer (Ali et al., 2016; Arrebola et al., 2016; Henriquez-Hernandez et al., 2017; IARC, 2018) , we explored the possible concurrent exposure to a number of these compounds.
The aim of the present study was to evaluate the occurrence of cancer in a population extracted from a cohort from the Swedish glassworks area in relation to long-term dietary intake of locally produced foods, taking into account residential, occupational and life styles factors. Furthermore, we explored associations between reported local food consumption frequencies, biomarker concentrations and environmental as well as life styles factors.
Material and methods

Study area
In 2007, an inventory of soil metal concentrations in the glassworks study area showed high mean concentrations of As, Pb and Cd in surface soil at the glassworks sites (Höglund et al., 2007) . At glass waste dumps, the surface soil metal concentrations were even higher (Höglund et al., 2007; Nyqvist et al., 2017) . Glass waste materials have also been used as backfill material in for example gardens and common land around the glassworks, and elevated concentrations are thus also frequently found in private garden soils and common land (Augustsson et al., 2018; Augustsson et al., 2015; Uddh-Soderberg et al., 2015) . Historically, extensive emissions of dust particles and volatile compounds, including metals and PAHs, associated with glass production have also occurred and contributed further to the general contamination situation around the glassworks (Larsson et al., 1999) .
Study population
The study population was extracted from a cohort with 34,266 individuals who, at some time between the years 1979-2004 lived within a 2 km radius of a glassworks emission source (in total 12 glassworks and 2 glass landfills) (Supplemental material, Fig. 1 ) (Nyqvist et al., 2017) . The cohort was matched with the National Cancer and Mortality Register (National Board of Health and Welfare) for the period 1979-2012. Details on emigration during the same period and data on who were still alive at the end of 2012 were obtained from Statistics Sweden.
All identified cancer cases above 18 years (n = 1200) in the cohort and a random sample of cancer-free control subjects (n = 7000, to compensate for an expected low response rate), living in the same area during the same time period as the cancer cases diagnosed, were selected. Current addresses and live status of the case and control individuals were obtained from The Swedish Tax Agency. After checking, a total of 7939 individuals remained and who received an invitation/ information letter with unique login information and a link to an online questionnaire during 2014. Within two weeks a paper questionnaire was sent to the non-responders. A second reminder was sent out three weeks later.
The study was approved by the Regional Ethical Committee at Linköping University, Sweden.
Questionnaires
Information was collected on life-time residences (addresses and time-periods), life-time occupations (job title, assignment and timeperiod), smoking habits (active, former, sometimes or never smoker), number of child births, anthropometric data, and own, parental and siblings medical history, and information on general eating habits during the past 30 years of local as well as non-local food items (frequencies and type of fish, meat, vegetables, fruit, garden and forest berries, mushrooms) and drinking water source, e.g. private well or public water. Three consumptions groups were constructed (high, intermediate and non/low,) based on the food frequency information. High consumption of local vegetables, fruit and berries was defined as > 1 time/week, high consumption of local meat and fish was defined as > 1 time/month. Intermediate consumption was defined as 3 times/ year to 4 times/month of local vegetables or 3-11 times/year of local meat or fish. Non/low consumption of local food was defined as never or seldom consumed. Potential occupational exposure to the metals of interest was evaluated based on job title information, being a glassworker or other metal worker.
The response rate for the questionnaire study was 36% among cancer cases and 27% among controls. About 70% of the women and 74% of the men did not respond. The mean age of responders (57 yrs.; range 19-98 yrs) and non-responders (51 yrs.; range 19-100 yrs), respectively, was significantly different (p = 0.005). About 9% returned an empty questionnaire or notified via email or phone that they did not want to participate in the study. The major reasons for not participating were residing in the glasswork area few years, long time ago, sickness and old age.
Biological sample collection
The participants were invited, through the questionnaire, to donate blood and first void morning urine samples.
About 1100 participants agreed to donate samples. At the time of sampling, the participants who lived within approximately 50 km geographical distance from the study area were contacted by a nurse. During September 2014 to April 2016, biological samples were collected from 656 participants. Information regarding the biological sampling and informed consent was mailed to the participants prior the sampling occasion. The weight and height were controlled before the sampling. Additional data regarding physical activity, time point and what kind of last intake of food, as well as the recent intake of fish, were collected via a questionnaire at the time of sample collection.
Blood was collected in two Sodium Heparin vacutainer tubes (4 mL, Sodium-Heparin, Vacuette®, Greiner). Samples were kept frozen in a portable freezer bag (−18°C) for transport to the laboratory and stored in a freezer (−20°C or −80°C) prior to the analyses. First voidmorning urine samples were collected in specially prepared urine home samples kits (urine cups, 12 cL, Papyrus Supplies) and two urine tubes (Falcon tubes, 50 mL, Sarstedt®) and handed over to the nurse at the time of blood sampling The urine cups and the urine tubes were tested free from metal contamination.
Biological sample analyzes
Analyses of biomarkers in blood and urine were performed at the Department of Occupational and Environmental Medicine, Linköping University.
The metal elements 208Pb (the sum of three isotopes at 206, 207 and 208), 111Cd and 75As were analyzed in whole blood according to Barany et al. (1997) . All samples were analyzed with a standard ICP-MS benchtop instrument HP 4500 series 100 (Agilent Technologies Inc.) operated with Pt-tip and skimmer cones, Babington nebulizer and Scott-type spray chamber, fitted with a Cetac ASX500 auto sampler. The instrument settings and parameters: RF power set on 1100 W, Argon gas flow rate at 14 L/min for plasma and 1.1 L/min for carrier gas. The uptake speed was 0.3 rps, uptake time 40 s and stabilization time 30 s. The S/C temperature was 2°C, 3 points per peak and 30 ms dwell time. The conditions of the instrument were optimized using the tuning solution before analyses. Internal standards (Sc, Rh, In and Bi were 1 ppm) and samples were introduced with a peristaltic pump. All tube and container batches were tested for contamination before sampling. All chemicals were of laboratory grade (Sigma-Aldrich St Louis, MO, USA).
Urinary levels of the PAH metabolite 1-hydroxypyren (1-OHPy) were detected using a method previously described by Carmella et al. (2004) ) with slight modification. Briefly, urine samples were incubated overnight with β -glucuronidase at 37°C to deconjugate eventual metabolites. 1-OHPy was extracted using hexane and dried. Reconstituted samples in acetonitrile were separated by HPLC and 1-OHPy were detected by fluorescence with excitation/emission at 344/400 nm. Levels of 1-OHPy were quantified against a standard between 10 and 1000 pg/ mL. The levels of 1-OHPy were normalized against urinary creatinine. Urine creatinine was determined at the Clinical Chemistry laboratory, Linkoping University Hospital.
To explore potential health effects due to concurrent exposure of persistent organic pollutants (POPs), the concentrations of 16 polychlorinated biphenyls (PCBs), 5 organochlorine pesticides (OCPs), octachlorinated dibenzo-p-dioxin (OCDD) and one polybrominated diphenylether (BDE 47) were measured in plasma with a previously established method (Stubleski et al., 2018) in a 96-well high throughput system. The analyses were carried out at Man-Technology-Environment (MTM) Research Center, Örebro University, Örebro. POP levels were lipid adjusted against the total amount of plasma lipids calculated from Loading plot displaying the PCA-analysis of relationship between the variables As, Pb and Cd concentrations in blood (μg/L) (n = 658) and the variables age, gender, smoking habit, (active, former, non-smoker), glasswork, metalwork, residence time in a glasswork area, fish consumption during the last three days and consumption of local vegetables, meat and fish. The x-and y-axes represent the PC1 (Principal Component 1) and PC2 scores, respectively. The first two PC accounts for as much possible of the variation in the original data, and the first component axis (PC1) will stretch out in the direction where there is most variance of variable space and are clustered.
the measured plasma cholesterol and triglycerides using an established formula (Rylander et al., 2006) . Only measures with a recovery 20% < x < 150% and above the limit of detection were used in the statistical analyses.
Analytical quality control
The limit of detection (LOD) of the different metals was calculated based on three standard deviations (3 * SD) of the mean of the Chemical blank solution that was analyzed 10 times. LOD for the different metals (μg/L) in blood samples were: As (0.27), Cd (0.02), Pb (0.06). The lowest values for As should be interpreted with caution since the instrument was not optimized for such low values. The LOD for the PAH metabolite 1-OHPy in urine samples was determined based on three standard deviations (3 * SD) of the mean of the noise in the standards with the lowest concentrations. This resulted in a LOD of 0.33 pg/mL. LOD of POPs was calculated based on three standard deviations (3 * SD) of the mean of the chemicals blank solution that was analyzed 24 times. Overall, levels of POPs were low, including PCBs (Supplemental material Table 5 ). LOD for PCB 118 was 30.2 pg/mL and for PCB153 38.3 pg/mL. Seronorm™ Certified Reference Materials, Seronorm Trace Elements Blood levels L-1 and L-2 (low and high levels, respectively) were obtained from Sero (Billingstad, Norway) and were used for analytical quality control. The Reference Materials were reconstituted according to the recommendation of the supplier by adding pure water and were analyzed between every tenth samples during the blood analytical runs. For external quality control the laboratory was certified through participating in an inter-laboratory quality program INSTAND e.V. (Düsseldorf, Germany) for blood every 6 month.
The analytical results of 1-OHPy (pg/mL) in urine were compared to reference sample with 1100 pg/mL spiked concentration (Supplemental material, Table 1b ).
The results of the analytical quality control are shown in Supplemental material (Tables 1a,b,c). The analytical results were satisfactory.
Statistics
Statistical analyses were performed with STATISTICA 64 version 13 (Statsoft©, Oklahoma USA). A case-control study was performed in the study population who responded to the questionnaire (questionnaire study), as well as in a subsample of the study population who also donated biological samples (biomonitoring study). Differences between groups within respective study were analyzed. Cross tabulation Pearson Chi-square test and One-way ANOVA were used to assess differences between categorical variables (gender, academic education, occupation, residence in glasswork area before age 5 years, smoking status, consumption groups) and continuous variables (age, residence time), respectively.
In the case-control analyses, only subjects with a requirement of at least 5 years of residence time in a glasswork area (cases and controls) and a latency time requirement of at least 10 years before cancer diagnosis (cases) or inclusion in the study (controls), were included in the statistical analyses.
Logistic regression analyses were performed with one analysis for all cancer cases vs. controls as well as for cases of specific cancer forms. Multivariable logistic regression was used to study associations between consumption frequencies of local food and adjusted for the covariates age, gender, and family (parents and siblings) history of cancer, education level, obesity and residence in a glasswork area the first five years of life (Tables 2a and 2b ). The criterion for covariates to be entered in the multivariate-adjusted model was based on the logistic regressions analyses and a p ≤ 0.20. Only associations including at least 5 cases and 18 controls are reported. The odds ratio (OR) is used as a measure of relative risk. A p-value < 0.05 is considered to be significant.
The concentrations of the toxic metals Cd, Pb, and As in blood and PAH metabolite in urine (biomonitoring study) were evaluated in relation to consumption frequencies of local food and risk factors for cancer. The same procedure was used to explore the levels of PCB 118 (similar structure to dioxins) and PCB 153 (marker for total PCB) in plasma. Multivariate analysis NIPALS/PCA (Nonlinear Iterative Partial Least Squares/Principal Component Analyses) was used to identify a structure of the dataset and assess co-variation of measured concentrations of biomarkers and reported consumption frequencies of local food and other selected covariates (work at glasswork, metal work, education, age, smoking habits, residence time in a glasswork area, fish intake the last three days). Factors with eigenvalues > 1 (Kaisers method) where included in the PCA analysis and a Scree plot (Cattels criteria) was used to graphically determine the optimal numbers of factors to retain.
Main effect ANOVA, followed by post hoc test Bonferroni, was used to evaluate differences in concentrations of metals (Cd, Pb, As) in blood and 1-OHPy in urine, respectively, in relation to reported food consumption frequencies/groups of locally produced foods. Variables to be included in the multiple ANOVA-models were selected based on the PCA-analyses. The statistical significance level was set at p < 0.05.
Results
Basic characteristics of the study population
In total, 2198 individuals (1005 men, 1193 women) answered the questionnaire. After applying the restriction criteria set for the casecontrol study (see Statistics section) a total of 1846 individuals (361 cases, 1485 controls) were included in the case-control analysis.
In total, 656 individuals (132 cases, 524 controls) participated in the biomonitoring study. When the same restriction criteria set for the case-control study were applied, 127 cases and 479 controls remained for the case control analysis. The other 50 participants had been living outside the 2 km radius from an emission source (glassworks or glass landfill) but within 50 km from glassworks at the time of blood sampling.
Basic characteristics of the participants are presented in Table 1 . In the questionnaire study, the cancer cases were significantly older, had longer residing time in a glasswork area, and included a larger proportion of former smokers and of long-term high consumers of locally caught fish. A larger proportion of the controls had been residing in a glasswork area the first five years in life and had academic education. In the biomonitoring study, the cancer cases were significantly older, had longer residing time in a glasswork area, and a larger proportion of the controls had academic education.
Cancer risk in relation to potential risk factors
A significantly increased risk (odds ratio) for total cancer in the investigated glassworks area was associated with ever smoking, cancer diagnosis in the family (parents or siblings), obesity, and residence time in the glasswork area before age 5 years (Table 2a) .
When stratifying by gender, residing in the glasswork area during the first five years was associated with significantly increased risk in women only, and obesity was significantly associated with increased risk in men (Table 2b ). Family history of cancer was associated with increased risk for total cancer in both men and women.
Intake of drinking water from a private (drilled or dug) well in a contaminated area is a potential risk factor for increased contaminant exposure. Overall, no increased cancer risk from having a private well could be detected. No statistical analysis could be performed for the variable having a private well the first five years in life, due to few cancer case (n = 4) and controls (n = 15).
Exploratory data analysis
Associations between consumption of local food groups, biomarker concentrations in blood and urine and risk factors for cancer were evaluated by PCA for exploratory data analysis ( Figs. 1 and 2) . High consumption of all three local food groups, as well as age, active and former smoking and (total) residence time, were associated with the metals (Fig. 1) . Four principal factors were retained based on eigenvalue > 1 and a scree plot; accounting for 42% of the total variance. Fig. 1 shows the first two principal components which can explain about 26% of the total variance. High consumption of vegetables and active smoking were associated with the PAH metabolite in urine (Fig. 2) . Four principal factors were retained based on eigenvalue > 1 and a scree plot; accounting for 54% of the total variance. Fig. 2 shows the first two principal components which can explain about 34% of the total variance.
High consumption of meat and fish was also associated with PCB 118 and 153 in plasma (not shown), however levels were low.
Association between consumption of local food and risk of cancer
It was hypothesized that living in a contaminated area and consuming locally produced foods will increase the risk of cancer. Bivariate Table 1 Basic characteristics of the study population. A restriction criterion of at least five years of residence time in the contaminated area, within 2 km from glass work (controls) and a latency time of at least 10 years between first residence year and time of diagnosis (cases) were applied. In the subsample taking part in the biomonitoring study, study participants who at the time of sampling lived within a geographical distance of 50 km were included. Significant differences (p < 0.05) in bold.
Questionnaire study population N = 1846
Biomonitoring study (a subpopulation of the questionnaire study population) N = 656 (16) a Participants taking part in the biomonitoring study who lived outside the 2 km radius but within 50 km of glassworks at the time of biological sampling.
Table 2a
Logistic regression analyses with total cancer variable. Restriction criteria of at least five years of residence time in the contaminated area and a latency time of at least 10 years between first residence year and time of diagnosis (cases) or inclusion in the study (controls) were applied. Significant ORs and p-values in bold. logistic regression analysis for total cancer (and specific cancer forms) was performed followed by multivariable logistic regression analysis, which included covariates (Table 2a and 2b) with p-value ≤0.20. A significant association with total cancer risk was seen for high consumption of local fish (Table 3 ). Due to the few cases of specific cancer forms, it was not possible to stratify for gender. Cancer in the digestive system was significantly associated with high consumption of locally produced meat (chicken, lamb, local game meat). Cancer in brain and nervous system was significantly associated with consumption of lamb (all consumption versus ever/never consumption of local lamb since there were too few cases in the respective consumption groups; Table 3 ).
Male genital/prostate cancer was associated with consumption of local fish. Non-significant decreased risk for prostate cancer was associated with high consumption of forest berries. We found no increased risks for female cancer and consumption of any local food. Reported high consumption of non-local food from places outside the study area was not associated with increased risk for total cancer or specific cancer forms (data not shown in table).
Associations between biomarker concentrations and risk factors for cancer
Active smoking as well as metalwork and glasswork were associated with increased Cd and Pb levels in blood and PAH in urine (Table 4) . No significant differences in concentrations of As in blood in relation to smoking or work were detected. Age was associated with increased concentration of Cd, Pb and As, and residence time was associated with increased concentrations of Pb and As. No associations were found between 1-OHPy concentrations and age or residence time.
High consumers of certain local foods had moderately higher Cd (vegetarian food) and Pb (meat and fish) concentrations in blood, and higher PAH (vegetarian food) concentrations in urine (adjusted for age, glass/metalwork and smoking; Table 5 . No such trend was observed for As in blood.
In general, metal concentrations in blood and PAH concentrations in urine were similar or only moderately elevated compared to other population groups in non-contaminated areas (Supplemental material, Table 4a , b).
Evaluation of tertils of As, Cd and Pb concentrations in blood, and PAH in urine, showed no significant trends in cancer risks.
PCB 118 and 153 concentrations were moderately higher in the high consumption group of meat and fish however the levels were low and did not deviate from population levels in non-contaminated areas (Supplemental material, Table 5 ). No associations with cancer risk were detected.
Discussion
In this extensive study, based on register data, questionnaire information and measurements of biomarkers in blood and urine, we
Table 2b
Logistic regression analyses with total cancer variable. Restriction criteria of at least five years of residence time in the contaminated area and a latency time of at least 10 years between first residence year and time of diagnosis (cases) or inclusion in the study (controls) were applied. Significant ORs and p-values in bold. have explored metal and PAH exposure and cancer occurrence in relation to consumption of local food and other variables in a historically contaminated glasswork area. As expected, well known exposure sources such as smoking, glass and metalwork, as well as age, and residence time in the area contributed to the total body burden of Cd and Pb (EFSA, 2013; Jarup and Akesson, 2009 ). Smoking and metal work also contributed to PAH exposure. Furthermore, smoking, age, obesity and family history of cancer, all well known risk factors for cancer (NIH, 2018) , as well as residence in a glasswork area during the first five years in life, were identified as risk factors for total cancer. Despite high environmental metal concentrations, overall current metal concentrations in blood were similar or only moderately higher in our study population compared to other subpopulations of the same age-range (Supplemental table 4) (Bjermo et al., 2013b; Helmfrid et al., 2015; Skerfving et al., 2012; Wennberg et al., 2015; Wilde et al., 2016) .
Also, the concentration of 1-OHPy in urine in our study population was similar to populations in non-contaminated areas (Alhamdow et al., 2018; Li et al., 2008; Tombolini et al., 2018) . We found no significant associations between cancer risk and current levels of metals in blood or with 1-OHPy in urine, but the exposure and body burden may very well have been higher in the past, partly due to inhalation of dust and volatile compounds that were released to air prior to the installation of technical solutions for flue gas purification, as well as a larger degree of general environmental contamination. The cancer risk was also higher in the past and has decreased over decades (Nyqvist et al., 2017) .
Nevertheless, reported high consumption of certain local foods during the past 30 years was associated with higher Cd and PAH (vegetables) and Pb and PCBs (meat, fish) concentrations in blood and urine (but not As), compared to reported non/low or intermediate consumption. These results are in agreement with our previous study in Table 3 Case-control analyses for the association between consumption of local food (high consumption vs never or seldom) and total cancer, cancer in digestive system (ICD7: 151-154), cancer in brain, nervous system (ICD7: 193) and male genital cancer (ICD7: 177-178), adjusted for covariates, and with a requirement of at least 5 years of residence time in the contaminated area (cases and controls) and with a latency time requirement of at least 10 years before cancer diagnosis (cases) or inclusion in the study (controls). Based on the bivariate logistic regressions analyses, the criterion for covariates to be entered in the multivariate-adjusted model was p ≤ 0.20. Odds ratios (OR) and 95% confidence intervals (CI) are presented for outcomes significantly different from unity. 
Table 4
Mean concentrations (SD) of Cd, Pb in blood (μg/L) (n = 658 individuals) and 1-OHPy in urine (ng/g crea) (n = 400 individuals) in smokers, non-smokers, glass/ metal work and non-glass/metalwork in the biomonitoring study (a subpopulation of the questionnaire study) N = 656. Significant p-value in bold. a historically contaminated area, in which reported consumption of certain local vegetables, forest berries and mushrooms were associated with elevated Cd concentrations in blood and urine (Helmfrid et al., 2015) . In parallel with the current study, samples of vegetables (homegrown lettuce and potatoes), berries and mushrooms from the same area were analyzed (Augustsson et al., 2018) . In spite of elevated concentration of Cd, Pb and As in soil in adjacent gardens to glass works, metal concentrations in food were only moderately elevated and did not exceed the threshold limit values for the food products, but concentrations were higher in all crops closer to a glasswork compared to references areas further away (Augustsson et al., 2018) . Although the metal concentrations in crops were generally below the permissible levels, a probabilistic exposure assessment showed that inhabitants living close to a contaminated glasswork area and who consumed local vegetables, berries and mushrooms could have significantly elevated intake of Cd, Pb and As than other populations (Augustsson et al., 2018) . Elevated concentrations of PAH have earlier been shown in vegetables grown in contaminated areas (Paris et al., 2018; Wang et al., 2018) . As expected, PCB concentrations in blood increased with increasing intake of fatty foods such as meat and fish, especially fish from the Baltic Sea, however the concentrations were low, and there is no known local source of PCB in the area.
In the present study, a high consumption of all local fish species was significantly associated with higher Pb levels in blood. Previous studies in the glasswork area have reported high levels of As, Pb and Cd in river sediments (Höglund et al., 2007) . Fish can accumulate metals from food, water and sediments, the metal accumulation depends on both biological and ecological factors such as feeding habits, habitats, species, age and size of fishes (Mendil et al., 2010; Zhao et al., 2012; Zohra and Habib, 2016) . We did not measure metal concentrations in fish samples in the current study, but higher concentrations of metals in fish muscle tissues have been found in areas with polluted sediments compared to areas with unpolluted sediments (Mendil et al., 2010; Zohra and Habib, 2016) .
High consumption of lamb, game meat and chicken was significantly associated with elevated Pb exposure in our study. Earlier studies have observed that free range chicken, goat, sheep, cattle and horse grazing in fields and close to metal process industry, dumps and mines are exposed to higher levels of Cd and Pb (Bortey-Sam et al., 2015; Farmer and Farmer, 2000; Pareja-Carrera et al., 2014) . If the lamb and chicken consumed by the study participants in the present study were free ranged were not known.
Inorganic As, which is more toxic than the organic forms (WHO, 2001) was added to remove gas bubbles during the smelting process in the glass manufacturing (Magnusson, 1974) . In the present study relatively low As levels were found in the study population (blood: mean 8.4 μg/L; range 0.55-48 μg/L). Unfortunately, we were not able to specify As in urine in this study. Consumption of any fish during the latest three days was significantly associated with higher levels of As, probably due to exposure to the less toxic organic arsenic species that are typically found in high levels in fish and sea foods (EFSA, 2009b) . Despite of elevated metal concentrations in groundwater and surroundings soil, the private well water from households close to glassworks sites, had concentrations below the European drinking water criteria for As, Sb, Cd and Ba, and few drinking water samples had elevated (> 10 μg/L) Pb concentrations (Augustsson et al., 2016; EFSA, 2009b; Livsmedelsverk, 2001; WHO, 2011) .
In the present study, reported high consumption of local fish and meat (local game meat, chicken and lamb), but not vegetables, was associated with increased risk for various cancer types (among those digestive and prostate cancer). In the register study by Nyqvist et al. (Nyqvist et al., 2017) , which included our study area, a dose-response relationship between the levels of Cd, Pb, and As in soil (three levels associated with distance from glass works), and cancer incidence for digestive cancer and prostate cancer was reported. For all three metals, a significantly increased risk for these cancer forms were detected in the highest contamination category, except for As which was significantly associated with an increased risk for digestive cancer both in high and medium pollution category area. In our previous case-control study in a historically contaminated area with elevated environmental levels of Pb, Cd and PCB, long-term high consumption of local fish showed association with total cancer, and with lymphoma, female breast cancer, cervix and corpus uteri cancer (Helmfrid et al., 2012) . The associations between consumption of local food and different types of cancer may reflect a higher exposure in the past, and thus, if consumption of local food contributes to the risk of acquiring cancer, that risk is most probably lower today than previously. Other types of health effects that may be associated with high metal exposure were not investigated, i.e. osteoporosis, kidney disease or cardiovascular disease, all which have been associated with metal exposure ATSDR, 2007; Barregard et al., 2016; Larsson and Wolk, 2016; Nordberg and Nordberg, 2016) . Furthermore, other contaminants in food have not been considered.
In the present study, former and active glass blowers and glass grinders had the highest levels of Cd and Pb in blood among glassworkers, but not higher than current smokers. In glassworks producing crystal glass, high concentrations of Pb in indoor air and in slag deposits inside of blow pipes have earlier been measured (Andersson et al., 1990 ). In addition, earlier studies of mortality in the Swedish glassworks industry showed that especially glass blower had an increased risk of mortality in stomach cancer, colon cancer and lung cancer (Wingren and Axelson, 1987) . However, the main aim of our study was not to study occupational exposure and cancer risk, and only a small number of glass workers were included in the study. There are several limitations in this study. The most notable limitation is the low response rate (about 30%). However, we included a larger number of controls than is usual to compensate for an expected low response rate. It is well known that the response rate in questionnaire studies tend to decrease, especially if the individuals do not feel concerned or motivated to participate (Wenemark et al., 2010) . Many of the non-participants had lived for only a short period in the study area, or responded that they were too old and/or sick to participate. The response rate was higher among cancer cases than controls, which was expected, due to that they often feel more motivated to answer questionnaires on life styles and health effects. The possibility of recall bias and exposure misclassification, with cancer cases systematically overestimating their consumption of local food, have to be considered. Few cases of specific cancer forms in each consumption group and in each tertil of contaminant concentrations increase the uncertainty of the results, but the high number of controls compensate for that to some extent.
We used a comprehensive questionnaire containing questions on self-reported life-time residence, occupation, current and past food consumption habits during the past 30 years. There is obviously a risk for misclassification of exposure since it is difficult to remember frequencies and types of food consumed back in time. Generally, the responders knew if they had consumed local food or not and could reasonably well assess approximate frequencies over time. All subjects in the study population were more or less exposed to metals and PAHs from several possible sources e.g. residing in a contaminated area, via drinking water, occupation, life style and general food, making it difficult to obtain contrast in exposure and therefore difficult to establish significant associations. In the present study, none of the responders reported non-consumption of non-local food (e.g. food from other areas). In order to accomplish a reasonably good power (80%), the study population in the biomonitoring study should preferably be larger and missing information in the questionnaire should be less frequent. There was a falling off in recording in several of the food frequency questions. About 18% of the participants in the biomonitoring study did not answer the questions about consumption of local vegetables and about 30% of them did not answer the questions about consumption of local animal products.
Despite the limitations and the weaknesses described, it was possible to establish associations between exposure sources and contaminant concentrations in blood or urine, as well as for covariates associated with increased cancer risk. It could be concluded that the variables in the questionnaire reasonably well described differences in metal exposure in the study population. The strength in our study is the availability of reliable data from the national cancer registers in Sweden and the large amount of information collected through questionnaires, biomonitoring and environmental measurements.
Conclusions
Despite (historically) high environmental levels of Cd, Pb and As at glasswork sites and landfills, current metal exposure in the population living in the surrounding areas was similar or only moderately higher in our study population compared to the general population. That was true also for PAH exposure. No significant associations with increased cancer risk were detected in the highest tertil of Cd, Pb and As in blood or PAH in urine.
Reported high consumption of certain local food was associated with higher Cd (vegetarian food) and Pb (fish, meat), but not As, concentrations in blood, and higher PAH (vegetarian food), and it was concluded that the questionnaire information on consumption of local foods reasonably well described differences in food consumption in the study population.
An increased risk of cancer was associated with smoking, family history of cancer, obesity, and residence in glasswork area before age 5 years. Also, a high consumption of local foods, i.e. fish and meat (game, chicken, lamb), was associated with increased risk of various cancer forms, whereas a high consumption of forest berries was associated with a non-significant decreased risk for prostate cancer. The associations between habitual consumption of local food and different types of cancer may reflect a higher exposure in the past, and thus, if consumption of local food contributes to the risk of acquiring cancer, that contribution is probably lower today than before. Furthermore, it cannot be ruled out that other contaminants in the food contribute to the increased cancer risks observed.
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